Possible effects of microbe-containing amendments on vegetable development need clarification. Eight-week-old, organically grown seedlings of a bell, cv. Jupiter, and a non-pungent jalapeñ o, cv. Pace 105, pepper, both C. annuum L., were transplanted into pots containing an organic potting medium in a greenhouse experiments repeated over 2 years. Pots were fertilized with Neptune's HarvestÒ, a fish emulsion. One of eight amendments [Actinovate AGÒ, Bio InoculantÒ, Bio-S.I.Ò, Compost TeaÒ (a decoction of biological material), MpactÒ, 'PMSLA and EO-12'Ò, Soil ActivatorÒ, Super BioÒ] was applied at label rates and application timings. The control was Neptune's Harvest only. Three plants from each treatment were periodically harvested. Heights and total fresh and dry weights were determined. At a single terminal harvest, numbers and weights and chlorophyll, carotenoids, and vitamin C contents of fruit were determined. At the conclusion of the study the control, Bio-S.I., Compost Tea, PMSLA and EO-12, and Soil Activator generally produced bell pepper plants that were taller and heavier than those produced by Actinovate AG, Bio Inoculant, Mpact, and Super Bio. Numbers and weights of bell pepper fruit were not consistent over amendments or years. Heights for cv. Pace 105 plants treated with Compost Tea were similar to the control and taller than all others. Plant fresh weights for the control and Compost Tea were similar to that for Bio-S.I. and greater than all others. Dry weight, number and fresh weight of fruit and levels of chlorophylls, carotenoids, and vitamin C in fruit were unaffected. Compost Tea, PMSLA, and Soil Activator were tested in field trials in 2010 and 2011 using both peppers, cucumber (Cucumis sativus L.), cv. Earli Pik, and sweet corn (Zea mays var. rugosa Bonaf ), cv. Incredible. Amendments provided no particular benefits under greenhouse or field conditions.
Plants roots interact with microbes in beneficial and detrimental ways (Sylvia et al., 1997; Thies and Grossman, 2006) . Soil biotas are involved in mineralization of nutrients to be taken up by plants with mineralization efficiency, in part dictated by the microorganism population (Prosser, 2006) . Generally there is a balance between beneficial and plant pathogenic microorganisms (Van Elsas et al., 2006) . Detrimental microorganisms can be suppressed as a result of competition, parasitism/predation, induced resistance, or antibiosis (Al-Rawahi and Hancock, 1998; De Cal et al., 2000; Metcalf et al., 2004; Thomashow and Weller, 1996; Zaki et al., 1998) . Mixes of microorganisms may provide a greater range of protection than a single organism (Michaud et al., 2002) .
Rhizosphere bacteria can benefit plant development (Glick, 2004; Kokalis-Burelle et al., 2003; Lucy et al., 2004; Russo, 2006; Schulze and Pöschel, 2004; Shimshick and Herbert, 1979; Zahir et al., 2004; Zehnder et al., 2001) . Rhizobia bacteria may interact with mycorrhizal fungi to increase root colonization and increase nutrient content in plants (Gravel et al., 2009; Singh and Adholeya, 2002; Suresh and Bagyaraj, 2002) . Russo and Perkins-Veazie (2010) found that when bell pepper (Capsicum annuum L.) was sown into a medium inoculated with mixes of bacteria in the greenhouse, there was little effect on plant development after seedlings were subsequently transplanted to the field.
Peppers are grown in temperate to tropical climates in various soil types and are diverse in plant size and in fruit size and shape. The role of microbes in pepper production needs clarification (Douds and Reider, 2003; Nemec et al., 1996; Russo, 2006) . However, it is accepted that plants grown in the field without a diverse soil microbial population would not develop and produce at acceptable levels.
Several microorganism-containing commercial products claim various benefits for plants. It is necessary to assess these products so producers have information to determine whether use of the products is justified. Growing plants under greenhouse conditions allows screening of materials under controlled conditions with results on how cultivars react to various treatments. The project was undertaken to screen soil amendments for effects on growth, development, and some phytonutrient contents of peppers.
Materials and Methods
Greenhouse culture. Experiments were conducted in a greenhouse at Lane, OK. Seedlings were produced for later transfer to pots using the methods of Russo (2006) . New SpeedlingÒ planting trays (American Plant Products, Oklahoma City, OK), 72.5 · 34.5 · 6.2 cm (length · width · depth), 128 cells per tray, were used. Cell dimensions were 3.7 · 3.7 cm (length · width) with each cell having a volume of 36 cm 3 . New plastic inserts (American Plant Products; 3.5 · 3.5 · 6 cm, length · width · depth, volume 30 cm 3 ) were placed in planting tray cells.
The potting medium Sunshine LC1 [Sun-Gro, Bellevue, WA; Organic Materials Review Institute (OMRI)-listed, Eugene, OR] was used. Major components of the medium are sphagnum, perlite, peatmoss, gypsum, and dolomitic limestone. Before filling trays, the medium from all bags were combined, moistened, and mixed so that plants received potting mix of similar nutrient content. After placement in trays, the medium was again moistened with potable tap water. Bell pepper, cv. Jupiter (Twilley, Hodges, SC), and a non-pungent jalapeñ o pepper, cv. Pace 105 (C. annuum; Campbell Seed, Davis, CA), were used to screen amendments in the greenhouse for use in field trials. Seed of the cultivars were not available from an organic source; untreated seed were used in accordance with National Organic Program guidelines [United States Department of Agriculture/ Agricultural Marketing Service (USDA, AMS), 2000]. Three seed of each species were sown in each cell on 26 July 2009 and 28 Sept. 2010. Trays were placed on 1-m high perforated metal benches.
Trays, and emerged plants, were misted at 0900 HR and 1500 and 1800 HR daily through three emitters/bench for 2 min/application with each emitter delivering %850 mLÁmin -1 (5.1 LÁd -1 ). The irrigation water and potting medium contributed nutrients to plants (Tables  1 and 2) . Greenhouse temperatures averaged 33/22 ± 1°C (day/night). Fluorescent light, 430 lumens/m 3 (Sun Agro; Phillips, Sommerset, NJ), was used to provide plants with a minimum of 12 h of a mix of sunlight and artificial light.
Two weeks after sowing, when emergence was 90%+, plants were thinned to one/cell. Weekly fertilization with Neptune's HarvestÒ (Ocean Crest Seafoods, Gloucester, ME; OMRI-listed; nutrient content, Table 2 ), a mix of fish products and seaweed, was begun when Received for publication 6 Dec. 2011. Accepted for publication 6 Feb. 2012. Mention of a trademark, vendor, or proprietary product does not constitute a guarantee or warranty of the product by the U.S. Department of Agriculture (USDA) and does not imply its approval to the exclusion of other products that may be suitable. USDA employees prepared the article as part of their official duties. Copyright protection under U.S. copyright law is not available for such works, and there is no copyright to transfer. The fact that the private publication in which the article appears is itself copyrighted does not affect the material that is a work product of the U.S. government, which can be freely reproduced by the public. The USDA is an equal opportunity employer. 1 To whom reprint requests should be addressed; e-mail vincent.russo@ars.usda.gov.
first true leaves emerged. Before fertilizations, the Neptune's Harvest container was shaken to ensure contents were mixed. The fertilizer was mixed at 30 mLÁL -1 (Russo, 2006) and 500 mL applied to each tray. Unused material was kept in the closed container.
On 11 Sept. 2009 and 12 Nov. 2010, individual seedlings were transferred to new, moistened Sunshine Potting mix in 4-L pots, which received one of eight amendments (Table 3) applied as recommended by manufacturers with treatment beginning on these Day of application after seedlings transplanted to pots 0 1 4 2 8 3 5 4 2 4 9 5 6 6 3 7 0 8 4 9 8 1 1 2 x Actinovate AG (7.5)
X Mpact (7.5) X X X X X PMSLA and EO-12 (7.5) X Soil Activator (7.5) X Super Bio (7.5) X X X X z All plants provided Neptune's HarvestÒ (Ocean Crest Seafoods, Gloucester, ME; OMRI-listed) weekly with 30 mLÁL -1 ; the control received Neptune's HarvestÒ weekly and no other amendment. 2009-2010 2009-2010 2009-2010 2010-2011 2010-2011 2010-2011 2009-2010 2009-2010 2010-2011 2010-2011 Bell dates. Microbial contents and concentrations are proprietary but materials are generally comprised of beneficial bacteria and/or fungi or decoctions of composts or manures in water. At establishment in pots, and weekly thereafter, plants were supplied with 100 mL of Neptune's Harvest fertilizer solution at the rate described previously. Controls were plants treated only with Neptune's Harvest. At various times, three plants from each cultivar · amendment combination, and the control, were removed from pots and height from the root collar to the terminal bud measured. Bell pepper sampling dates in were: 11 Sept. 2009 1, 8, 15, 22, and 29 Oct. 2009; 4 and 14 Dec. 2009 ; 2 and 28 Jan. 2010. Sampling dates in 2010-2011 were: 13 Dec. 2010; 3, 13, and Chlorophyll and carotenoids were extracted from fruit at harvest and quantified with an ultraviolet-VIS spectrophotometer (ultraviolet-2450; Shimadzu, Kyoto, Japan) using methods of Lichtenhaler and Buschmann (2001) . Chlorophyll a, chlorophyll b, and carotenoids were measured at wavelengths of 664, 647, and 470 nm, respectively. Total vitamin C was determined with methods of Hodges et al. (2001) with readings at 525 nm. Measurements were compared with appropriate standards.
Field culture. Tests were conducted in a Bernow, fine loamy, thermic, glossic, Paleudalf soil, which averaged pH 6.5 and nitrogen:phosphorus:potassium levels of 6:80:180 kgÁha -1 . The overwinter wheat (Triticum aestivum L.) cover was mowed and incorporated. Before bed formation, 2.2 MtÁha -1 of composted chicken litter (nutrient content, Table 4 ), the maximum amount allowed by the state of Oklahoma for a single-year application, was broadcast-applied and incorporated. The soil was formed into 4.6-m long beds on 0.9-m centers. Six-week-old transplants of bell and non-pungent jalapeño peppers were grown in the 128 cell trays as described previously. Ten seedlings were transplanted in single rows in the middle of beds with plants spaced at 0.45 m in rows. Seed of cucumber (Cucumis sativus L.), cv. Earli Pik, and sweet corn (Zea mays var. rugosa Bonaf.), cv. Incredible, were sown in single rows in the middle of beds on 14 Apr. 2010. Cucumber was spaced 0.45 m between plants and sweet corn spaced 11.5 cm between plants. In 2011, an initial planting was established on 15 Apr.; as a result of unseasonal hot, dry weather during the spring and early summer, only cucumber and the non-pungent jalapeño peppers were able to be harvested in the normal harvest window. Bell pepper was re-established from seedlings produced as described previously on 10 Aug. All plants were established in four bed blocks with data obtained from the center two beds. Treatments included: the control (chicken litter only); Compost Tea; PMSLA and EO-12, and Soil Activator applied according to manufacturer directions. In 2010, yields for crops were determined. In 2011, yields of all but sweet corn were determined. In 2011, sweet corn stalks from 2 linear meters of row were cut at the ground line and stalk fresh weight determined.
Statistical analyses. Experimental designs for the greenhouse and field were randomized complete blocks. There were three replications of each treatment for each crop. Data were subjected to analysis of variance in SAS (SAS Inc., Cary, NC). If significant interactions were present, they were used to explain results; if not, the Ryan-Einot-Gabrielle-Welsch multiple F test in SAS was used to separate main effects.
Results
Greenhouse. As a result of differences in date of trial initiation and lengths of time over which samples were taken, results from trials were considered separately. Cultivars were not compared directly as a result of differences in habit and fruit size.
Plant development, 2009-2010 trial. Amendment, sampling date, and the interaction affected plant height and plant fresh and dry weights; amendment affected fruit number and fresh weights of bell pepper (Table  5 ). Through mid-Dec. 2009, there was little difference in plant heights and fresh and dry weights. At the end of the sampling period, heights were similar for the control, Bio-S.I., Compost tea, PMSLA and EO-12, and Soil Activator (Fig. 1A) . The remaining treatments produced shorter plants. At the last sampling controls, Bio-S.I., Compost tea, PMSLA and EO-12, Soil Activator, and Mpact had similar plant fresh weights that were among the highest (Fig. 1B) . The remaining treatments produced plants with lower fresh weights. The control, Bio-S.I., Compost tea, PMSLA and EO-12, and Soil Activator had similar, and among the heaviest, plant dry weights (Fig.  1C) . The remaining treatments produced plants with lower dry weights. Plants treated with Bio-S.I. produced more fruit than plants treated with Bio Inoculant, Mpact, or the control ( Amendment, sampling date, and the interaction affected plant height and fresh weight; sampling date affected plant dry weight of non-pungent jalapeños; there were no interaction effects for height and weight variables; plant dry weight (average 2.5 g); Table 6 . Effect of amendment on number and fresh weight of bell pepper fruit and height and fresh weight of non-pungent Jalapeño plants in the greenhouse.
Amendment

Fruit Plant Number
Fresh wt (g) Number Fresh wt (g) Ht (mm) Fresh wt (g) 2009-2010 2009-2010 2010-2011 2010-2011 2009-2010 2009-2010 Bell , 2 = 8 Oct. 2009 , 3 = 15 Oct. 2009 , 4 = 22 Oct. 2009 , 5 = 29 Oct. 2009 , 6 = 4 Dec. 2009 , 7 = 14 Dec. 2009 , 8 = 2 Jan. 2010 , 9 = 28 Jan. 2010 -2011 numbers of fruit (average 2.1/plant), and fruit fresh weight (average 51.3 g) were unaffected by amendment (Table 5 ). Control plants were taller than those in most other treatments except for those treated with Compost Tea, which were similar (Table 6 ). Compost Tea-treated plants and controls had the greatest plant fresh weights (Table 6) . Plant heights increased throughout (Table 7) . Plant fresh and dry weights increased through the sixth and seventh sampling dates and then decreased (Table 7) . Plant development, 2010-2011 trial. Amendment, sampling date, and the interaction affected plant height and bell pepper plant fresh and dry weights; amendment affected fruit number and fresh weights (Table 5) . At the last sampling plants, treated with Compost Tea, Bio-inoculant, and PMSLA and EO-12 were taller than those grown with any other treatment or the control; plants treated with Bio-S.I. were shortest ( Fig. 2A) . At the last sampling, fresh weights were greatest for plants treated with Compost Tea, Actinovate AG, PMSLA, and EO-12 ( Fig. 2B ). All other treatments were similar to controls. Plants treated with Compost Tea had the highest dry weights; all others were similar to controls except for plants treated with Bio-S.I., which had the least dry weights (Fig. 2C ). Plants treated with Compost Tea produced more fruit than those treated with Bio-inoculant or Mpact; values for other treatments were similar to high and low values (Table 6 ). Plants treated with Compost Tea produced the heaviest fruit (Table 6) . Amendment, sampling date, and the interaction affected plant height and fresh weight of non-pungent jalapeños; only sampling date affected plant dry weight (Table 5 ). Fruit number (average 2.4/plant) and fresh weights (average 71.5 g) were unaffected by amendment. Plant heights and fresh weights increased over time (Fig. 3A-B) . At the last sampling, plants treated with Compost Tea, PMSLA and EO-12, Mpact, and Soil Activator were tallest (Fig. 3A) . Bio-S.I., the control, Super Bio, and Bio Inoculant produced among the shortest plants; Actinovate AG was similar to both groups. Plants treated with Actinovate AG, Compost Tea, PMSLA and EO-12, Mpact, and Soil Activator produced the heaviest plants ( Fig. 3B ). All others were lighter and similar to the control. Plant dry weights increased from the first through last samplings (Table 7) .
Chlorophyll, carotenoids, and vitamin C. Amendment did not affect concentration of these phytonutrients in fruit. Bell pepper average values were: 82.7 mgÁg -1 total chlorophyll; 57.4 mgÁg -1 chlorophyll a; 25.3 mgÁg -1 chlorophyll b; 2.2 chlorophyll a:chlorophyll b ratio; 23.2 mgÁg -1 total carotenoids; 3.5 chlorophyll:carotenoid ratio; and 153.3 mg/100 g total vitamin C. For non-pungent jalapeños, average values were: 108.2 mgÁg -1 total chlorophyll; 75.2 mgÁg -1 chlorophyll a; 33.0 mgÁg -1 chlorophyll b; 2.3 chlorophyll a:chlorophyll b ratio; 30.6 mgÁg -1 total carotenoids; 3.7 chlorophyll:carotenoid ratio; and 197.0 mg/100 g total vitamin C.
Field. Peppers and cucumber results were not compared between years as a result of disparate environmental conditions. Sweet corn yield data were gathered for 2010. In 2011, sweet corn experienced crop failure; stalks were harvested and fresh weights determined. In each year, treatment did not affect responses. Cucumber averaged 61.7 and 35.26 MtÁha -1 in 2010 and 2011, respectively. Bell pepper averaged 9.3 and 3.9 MtÁha -1 in 2010 and 2011, respectively. Non-pungent jalapeñ o peppers averaged 24.3 and 6.7 MtÁha -1 in 2010 and 2011, respectively. Sweet corn averaged 54.1 MtÁha -1 in 2010 and stalks averaged 1.3 kg/stalk in 2011.
Discussion
In the greenhouse, nutrition in the medium was available to plants but over time would not sufficiently support normal growth. Nutrients in the irrigation water were constant across treatments and did not substantially add to plant nutrition. Application of fertil-izer allows plants to complete the life cycle. Amendments that have high microbial counts can be beneficial to plant growth (Paul and Metzger, 2005; Theunissen et al., 2010) . Effects of amendment(s) in the presence of fertilizer, like under field conditions, can be gauged by comparison of cultivar responses to treatment.
Variation in plant weights at sampling dates reflects presence of immature fruit counted in plant weight; lower weights toward the end of sampling reflect weight of plant material only because mature fruit were removed. In addition, abscission of lower leaves and petioles would produce lower plant weight toward the end of the growing cycle. The application timing or amendment amount did not appear to affect results. Amendments that produced some of the best results in the greenhouse were applied most often with the smallest amount of product, i.e., Bio-S.I. on bell pepper, or applied once with the greatest amount of product, Compost Tea, in both peppers. Compost Teas can only be used if edible parts of plants are treated with the tea prepared so that it excludes certain materials and do not have, or have very low counts, of specific microbes (USDA, AMS, 2004) .
Soils contain complex communities of microorganisms that, especially under conditions of organic/sustainable production, affect plant responses (Uphoff et al., 2006) . Lack of response in the field may indicate that soils had well-developed, and balanced, microbial communities and may not benefit from additional or different microbes. The amendments contain materials and/or microbes that could interact with the plants near, and possibly in, roots. Whether they should be expected to affect nutrient distribution in plants needs further examination. Use of microbial amendments does not guarantee a beneficial outcome (Broschat and Elliott, 2009 ). Russo and Perkins-Veazie (2010) placed pepper seed in media inoculated with mixes of bacteria or mycorrhizal fungi, different from what was used here. The plants that developed from seedlings transplanted to the field did not appear to receive any benefit to yield. Microbes compete for nutrients (Thomashow and Weller, 1996) and presumably with plants as well. Microbes in amendments may compete with plants for nutrients or they may produce plant growth-limiting byproducts. The reason for detrimental effects resulting from some amendments needs further study. Tests under greenhouse or field conditions with the amendments indicated that there was no consistent benefit to their use. It is necessary that amendments be tested over various crops and production systems.
